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CROSS REFERENCE TO RELATED APPLICATION 
This application claims priority from Japanese 
5 Priority Document No . 2002-225631, filed on Aug. 2, 2002 with 
the Japanese Patent Office, which document is hereby 
incorporated by reference. 

BACKGROUND OF THE INVENTION 

10 

[oooi] 

1. FIELD OF THE INVENTION 

The present invention relates generally to a 
semiconductor device, and more particularly, to a 
15 heteroj unction bipolar transistor. 
[0002] 

2. DESCRIPTION OF RELATED ART 

A heteroj unction bipolar transistor (hereinafter 
referred to as a HBT) is a kind of bipolar transistor having 

20 an emitter layer made of a material with a wider band gap than 
a material of a base layer, in which high injection efficiency 
(emitter injection efficiency) of electrons from the emitter 
layer to the base layer can be assured even when the base layer 
has an impurity concentration higher than the emitter layer. 

25 Thus, the base layer can have low resistance even with a 
reduced thickness, and a punch-through phenomenon across the 
base layer can be prevented to ensure a high emitter-collector 
breakdown voltage. Basically, the HBT is an excellent device 
which achieves fast operation and the high breakdown voltage. 

30 [0003] 

The HBT is favorable for use as a device for a power 
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amplifier (hereinafter referred to as a PA) due to high 
current drive capability. In addition, because of the 
advantage that the HBT readily operates with a single power 
source, it has been widely used for a PA in a mobile 
5 communication terminal in recent years. 
[0004] 

Power-Added Efficiency (hereinafter referred to as a 
PAE) is known as an indicator for indicating efficiency in 
a power amplifier . The PAE is defined as a ratio of additional 

10 power, that is, a difference between an output power P ou t and 
an input power P in to an applied direct current power P dc . As 
the PAE is greater, the power consumption of the power 
amplifier can be smaller. Thus, the PAE is one of important 
indicators in the power amplifier. This is particularly 

15 important in a mobile communication terminal in which power 
consumption of a power amplifier (PA) on the transmitter side 
makes up a significant portion of the overall power 
consumption . 
[0005] 

20 Fig. 7 shows an exemplary configuration of a 

conventional GaAs-based HBT. This semiconductor device 
includes a subcollector layer 2, for example made of n + -GaAs , 
a collector layer 3 made of n~-GaAs , a base layer 4 made of 
p + -GaAs , an emitter layer 5, for example made of n-InGaP, a 

25 first cap layer 6 made of n-GaAs , and a second cap layer 7 
made of n + -InGaAs, which are successively stacked on one 
surface of a substrate 1, for example made of semi-insulating 
single crystal GaAs . An emitter electrode 8 is formed on the 
second cap layer 7. Mesa structures are formed for forming 

30 ohmic contact with the base and the collector such that a base 
electrode 9 and a collector electrode 10 are in contact with 
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portions of the base layer 4 and the subcollector layer 2, 
respectively. These electrodes are made of Ti/Pt/Au, for 
example. The surface of the semiconductor device which is 
not contact with any of the electrodes is covered with an 
5 insulating film 11, for example made of Si3N 4 . 
[0006] 

Fig. 8 shows an exemplary configuration of a 
conventional InP-based HBT . This semiconductor device 
includes a subcollector layer 13, for example made of 

10 n + -InGaAs, a second collector layer 14 made of n~-InP, a first 
collector layer 15 made of n~-InGaAsP, a base layer 16 made 
of p + -InGaAs, an emitter layer 17, for example made of n-InP, 
and a cap layer 18 made of n + -InGaAs, which are successively 
stacked on one surface of a substrate 12, for example made 

15 of semi-insulating single crystal InP. An emitter electrode 
8 is formed on the cap layer 18. Mesa structures are formed 
for forming ohmic contact with the base and the collector such 
that a base electrode 9 and a collector electrode 10 are in 
contact with portions of the base layer 16 and the 

20 subcollector layer 13, respectively. These electrodes are 
made of Ti/Pt/Au, for example. The surface of the 
semiconductor device which is not contact with any of the 
electrodes is covered with an insulating film 11, for example 
made of Si3N 4 . 

25 [0007] 

In Fig. 8, InGaAs can be used for the collector layer, 
but InGaAs has a narrow band gap and thus the base-collector 
breakdown voltage is reduced. Fig. 8 shows an example of a 
double hetero junction bipolar transistor (hereinafter 
30 referred to as a DHBT) which employs InP in the collector layer 
for ensuring a higher breakdown voltage. In the DHBT, a 
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conduction-band offset AEc occurs between the InGaAs base 
layer and the InP collector layer to block current from the 
base layer to the collector layer. Thus, the InGaAsP layer 
is inserted as the first collector layer 15 between the InP 
5 collector layer and the InGaAs base layer to reduce the 
influence of the potential discontinuity found between the 
InGaAs base layer and the InP collector layer. For the first 
collector layer, Al InGaAs or undoped InGaAs may be used. 
[0008] 

10 When the HBT is used to form a power amplifier, one of 

requirements for a device to improve the PAE is to a reduction 
in Knee voltage V k in I c -V ce characteristics . Reducing the 
Knee voltage requires a reduction in offset voltage V of f Se t 
which is a threshold voltage of I c in the I c -V ce characteristics . 

15 The offset voltage V 0 ff S et is almost determined by a difference 
between a forward threshold voltage V te b between an emitter 
and a base and a forward threshold voltage V t bc between the 
base and a collector (V te b-V t bc) . Thus, a conduction-band 
offset AEc produced between an emitter layer and a base layer 

20 can be desirably as small as possible. 
[0009] 

A frequently used approach for reducing influence of 
the conduction-band offset AEc is to insert a graded 
heteroj unction , which gradually changes in composition, 

25 between the emitter layer and the base layer. However, the 
graded heteroj unction is not necessarily made easily with 
favorable controllability and reproducibility, and a thick 
graded layer is needed to eliminate the influence of the 
conduction-band offset AEc and holes are not confined 

30 completely within the base layer, so that it is desirable to 
reduce the offset voltage V 0 ff Se t by lowering the offset voltage 
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AEc. It goes without saying that, in the HBT, a valence-band 
offset AEv of the emitter layer and the base layer needs to 
be large enough to sufficiently block the holes. 

[ooiol 

5 in the GaAs-based HBT shown in Fig . 7 , an offset voltage 

AEc between InGaP serving as the emitter layer and GaAs 
serving as the base layer is approximately 0.2 eV. In the 
InP-based HBT shown in Fig. 8, an offset voltage AEc between 
InP serving as the emitter layer and InGaAs serving as the 
10 base layer is approximately 0.2 eV. The values are not 
excessively high, but a smaller value is desirable. 
[OOlll 

From the viewpoint of improvement in basic performance 
of the HBT, a reduction in base resistance is an important 

15 challenge. When the base resistance is high, some 
disadvantages occur such as a reduction in the maximum 
oscillation frequency f max and uneven voltage applied between 
the emitter and the base (emitter crowding) in areas where 
the current density is high. Thus, the base resistance is 

20 desirably reduced as much as possible from the viewpoint of 
application to a power amplifier as well. 
[0012] 

To reduce the base resistance, the base layer is 
typically doped at a high concentration to reduce base sheet 

25 resistance and base contact resistance. The doping 
concentration, however, cannot be increased without 
limitation since the doping concentration has an upper limit 
and an extremely high doping concentration causes problems 
such as a reduced current gain and reduced carrier mobility. 

30 [0013] 

As a material of the base layer of the GaAs-based HBT 
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as shown in Fig. 7 , a GaAs-based material is typically used. 
In recent years, C (carbon) is often used as a p-type impurity 
with less diffusion. The base layer can be doped with C at 
10 19 cm' 3 or higher, but in this case the mobility is as small 
5 as approximately 50 cm 2 / (v-s) or lower. 
[0014] 

In the InP-based HBT as shown in Fig. 8, InGaAs is 
typically used for the base layer. C (carbon) tends to be 
amphoteric in InGaAs, and the concentration of the p-type 
10 impurity cannot be as high as the concentration in the 
GaAs-based HBT. For this reason, the base sheet resistance 
is usually higher than in the GaAs-based HBT in comparison 
for the same base layer thickness. 
[0015] 

15 Therefore, to ensure performance equal to or higher 

than that provided by the currently dominant GaAs-based HBT 
and InP-based HBT, it is desirable that doping can be 
performed at a concentration which is at least the same level 
as for the GaAs-based HBT, or that the base layer presents 

20 higher hole mobility than in the GaAs-based HBT. 

[0016] 

SUMMARY OF THE INVENTION 
The present invention has been made in view of the 
25 problems which should be solved to provide higher efficiency 
when an HBT is used as a device for a PA and more excellent 
basic performance of the HBT such as reduced base resistance. 
There is a need to provide a semiconductor device which 
achieves more excellent PA characteristics over the 
30 conventional PA using GaAs-based HBT or InP-based HBT. 
[0017] 



According to an embodiment of the present invention, 
a semiconductor device comprises an emitter layer, a base 
layer, and a collector layer, the sum of a band gap and electron 
affinity of the emitter layer being larger than the sum of 
5 a band gap and electron affinity of the base layer, wherein 
the base layer contains Bi . 
[0018] 

In the present invention, materials of the base 
containing Bi include, for example, GaAsBi , GaAsBiN, and 

10 InPBi . In such a III-V compound semiconductor, the energy 
level is raised at the valence band edge by adding Bi, and 
hole mobility is increased. The raised energy level at the 
valence band edge reduces the Schottky barrier for the base 
layer to allow a reduction in base contact resistance. The 

15 increased hole mobility can reduce base sheet resistance. In 
addition, the raised energy level at the valence band edge 
can cause a greater difference in energy at the valence band 
edges of the emitter layer and the base layer to enhance the 
effect of confining holes in the base layer. Thus, the use 

20 of the base layer containing Bi can improve basic performance 
of an HBT. 
[0019] 

Since the addition of Bi raises the energy level at the 
valence band edge of the base layer to make a greater 

25 difference in energy at the valence band edges of the emitter 
layer and the base layer, an emitter layer with a lower energy 
at the conduction band edge can be selected. Consequently, 
it is possible to reduce the difference in energy at the 
conduction band edges of the emitter layer and the base layer. 

30 This can reduce the Knee voltage Vk to improve the PAE of a 
power amplifier for which the semiconductor device according 
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to the present invention is used. 
[0020l 

For the emitter layer, GaAs , AlGaAs, InGaP, InP or the 
like is used, by way of example. For the collector layer, 
5 GaAs, InGaAs, InP or the like is used, by way of example. 
[0021] 

According to another embodiment of the present 
invention, the amount of Bi contained in a base layer 
increases from the emitter side toward the collector side. 
10 in the embodiment, a potential gradient for accelerating 
movement of electrons is formed in the base layer to allow 
improvement in moving speed of the electrons from the base 
layer to the collector layer. 
[0022] 

15 According to an embodiment of the present invention, 

the addition of Bi to the material of the base layer can reduce 
the base resistance to improve basic performance of the HBT . 
It is also possible to use the emitter layer with energy at 
the conduction band edge which is slightly different from that 

20 of the base layer. Thus, the Knee voltage Vk can be reduced 
to enhance the efficiency of a power amplifier for which the 
semiconductor device according to the present invention is 
used . 
[0023] 

25 According to another embodiment of the present 

invention, the use of GaAsBi for the base layer can reduce 
the base resistance of a GaAs-based or InP-based HBT. In 
addition, a combination of the base layer and the emitter 
layer with low energy at the conduction band edge can reduce 

30 a conduction-band offset AEc at the interface between the 
emitter and the base to lower the Knee voltage Vk, thereby 



contributing to higher efficiency of a power amplifier for 
which the semiconductor device according to the present 
invention is used. Since the InP-based HBT has energy at the 
conduction band edge higher than in a typical InGaAs base, 

5 a conduction-band offset AEc at the interface between the 
emitter and the base can be reduced to lower the Knee voltage 
Vk. 
[00241 

According to another embodiment of the present 
10 invention, the use of GaAsBiN for the base layer can provide 
effects similar to those of GaAsBi . In a GaAs-based HBT, 
lattice matching to GaAs of the collector layer can be 
achieved . 
[0025] 

15 According to another embodiment of the present 

invention, the use of InPBi for the base layer can realize 
an InP-based HBT with a more simplified configuration and 
reduce the Knee voltage Vk to contribute to higher efficiency 
of a PA for which the semiconductor device according to the 

20 present invention is used. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a sectional view showing a semiconductor 
device according to a first embodiment of the present 
25 invention; 

Fig. 2 is a sectional view showing a semiconductor 
device according to a second embodiment of the present 
invention ; 

Fig. 3 is a sectional view showing a semiconductor 
30 device according to a third embodiment of the present 
invention ; 



Fig. 4 is a sectional view showing a semiconductor 
device according to a fourth embodiment of the present 
invention ; 

Fig. 5 is a sectional view showing a semiconductor 
5 device according to a fifth embodiment of the present 
invention ; 

Fig. 6 is a sectional view showing a semiconductor 
device according to a sixth embodiment of the present 
invention ; 

10 Fig. 7 is a sectional view showing a conventional 

GaAs-based HBT; and 

Fig. 8 is a sectional view showing a conventional 
InP-based HBT. 

15 [0026] 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Preferred embodiment of the present invention will be 
hereinafter described with reference to the drawings. 
[0027] 

20 (First Embodiment) 

Fig. 1 shows a semiconductor device according to a first 
embodiment of the present invention. GaAsBi is used for a 
base layer, and the remaining configuration is the same as 
the configuration shown in Fig. 7. In Fig. 1, components 
25 identical to those in Fig. 7 are designated with the same 
reference numerals . 
[0028] 

As shown in Fig. 1, the semiconductor device according 
to the first embodiment includes a subcollector layer 2, for 
30 example made of n + -GaAs , a collector layer 3 made of n"-GaAs , 
a base layer 19 made of p + -GaAsBi , an emitter layer 5, for 
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example made of n-InGaP, a first cap layer 6 made of n-GaAs , 
and a second cap layer 7 made of n + -InGaAs, which are 
successively stacked on a substrate 1, for example made of 
semi-insulating single crystal GaAs . 
5 [0029] 

An emitter electrode 8 is formed on the second cap layer 
7 . For forming base contact, portions of the first and second 
cap layers are removed to form a mesa structure. The emitter 
layer 5 may be interposed between a base electrode 9 and the 

10 base layer 19 . Alternatively , only the portion of the emitter 
layer 5 immediately below the base electrode 9 or nearby 
portions may be etched and removed such that the base 
electrode 9 is in direct contact with the base layer 19. A 
mesa structure is also formed for forming a collector 

15 electrode 10. The collector electrode 10 is formed on the 
subcollector layer 2. The emitter electrode 8, the base 
electrode 9, and the collector electrode 10 are formed of 
Ti/Pt/Au, for example. The surface of the semiconductor 
device which is not contact with any of the electrodes is 

20 covered with an insulating film 11 , for example made of Si3N 4 . 
[0030] 

In the configuration described above, GaAsBi is used 
for the base layer 19. This is because, typically in III-V 
compound semiconductors, as the atomic number of a Group V 

25 element is larger, the energy level at the valence band edge 
is higher (for example, see A.P.L. Vol.60, No . 5 , p. 631 
describing the relationship between the band edge and lattice 
constant in various semiconductors) , and hole mobility tends 
to be higher (for example, see Appendix of Compound 

30 Semiconductor Device Physics By Tiwari) . Thus, firstly, the 
Schottky barrier for the p-type semiconductor is lowered to 
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easily reduce the base contact resistance. Secondly, the 
hole mobility can be increased to readily reduce the sheet 
resistance of the base. Thirdly, the difference in energy 
at the valence band edges of the base layer and the emitter 
5 layer can be increased to enhance the effect of confining 
holes in the base layer. Fourthly, Ga is used as a Group III 
element, so that the energy level at the conduction band edge 
of the base layer is less prone to be affected significantly 
even when the base layer includes the Group V element, Bi , 

10 added thereto. In other words, the base layer made of GaAsBi 
is advantageous since a potential barrier which blocks 
current between the base and the collector is unlikely to be 
formed as compared with the case where the base layer is made 
of InGaAs containing the Group 1 1 1 element , In, added thereto . 

15 However, this configuration has a problem that a mismatch 
occurs between the lattice constants of GaAsBi and GaAs of 
the collector layer 3, so that the thickness of the GaAsBi 
layer (the base layer 19) must be set to be equal to or smaller 
than the critical thickness. As a result, the applicability 

20 is somewhat limited. 
[003ll 

As apparent from the above description, according to 
the first embodiment, the base resistance can be reduced to 
enhance basic performance of the HBT as compared with the 
25 conventional GaAs-based HBT shown in Fig. 7. 
[0032] 

(Second Embodiment) 

Fig. 2 shows a semiconductor device according to a 
second embodiment of the present invention, in which GaAsBiN 
30 is used for a base layer. Specifically, the second embodiment 
differs from the first embodiment shown in Fig. 1 in that the 



base layer 19 made of p + -GaAsBi is replaced with a base layer 
20 made of p + -GaAsBiN, and the remaining portions are the same 
as in the first embodiment. 
[0033] 

5 In this configuration, the addition of Bi to GaAs serves 

to make the lattice constant of the crystal lager than GaAs, 
although the addition of N (nitrogen) serves to make the 
lattice constant smaller. This reduces the lattice mismatch 
between the base layer and the GaAs layer (the collector 

10 layer) found in the first embodiment. Thus, it is possible 
to form a thicker base layer than the base layer made of GaAsBi 
or to increase the energy level at the valence band edge by 
increasing the amount of Bi , while the advantages described 
in the first embodiment are maintained. Consequently, the 

15 design of the base layer can be realized with more flexibility, 
and the composition of the base layer can be easily changed 
to provide a potential gradient. For example, the amount of 
Bi in the base layer can be increased toward the collector 
from the emitter to provide a potential gradient for 

20 accelerating the movement of electrons, thereby increasing 
the moving speed of the electrons from the base layer to the 
collector layer . 
[00341 

As described above, according to the second embodiment, 
25 the base resistance can be reduced similarly to the first 
embodiment, and the lattice mismatch between the base layer 
and the collector layer found in the first embodiment can be 
reduced . 
[0035] 

30 (Third Embodiment) 

Fig. 3 shows a semiconductor device according to a third 
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embodiment of the present invention, in which GaAsBiN is used 
for a base layer, and GaAs is used for an emitter layer. 
Specifically, the third embodiment differs from the second 
embodiment in that an emitter layer 21 made of n-GaAs and a 
5 cap layer 22 made of n + -InGaAs are successively stacked on 
the base layer 20 made of p + -GaAsBiN. The remaining portions 
are the same as in the first and second embodiments. 
[0036] 

In the above configuration, as compared with the 

10 emitter layer made of InGaP used in the first and second 
embodiments , the energy at the conduction band edge of the 
emitter is reduced to lower the turn-on voltage at the 
emitter-base junction. Thus, the Knee voltage Vk in I c -V ce 
characteristics can be reduced. The reduction in the Knee 

15 voltage Vk is important since it causes the effect of 
increasing the power added efficiency (PAE) of a power 
amplifier (PA) . The emitter layer made of GaAs is effective 
because GaAsBiN is used for the base layer in this case. If 
the base layer is made of GaAs, the emitter layer made of GaAs 

20 cannot form an HBT. If InGaAs is used for the base layer, 
an HBT can be formed, but this configuration is not preferable 
since a conduction-band offset AEc is larger than a 
valence-band offset AEv at the interface between the emitter 
layer and the base layer, and a large conduction-band offset 

25 AEc is present at the interface between the emitter layer and 
the collector (base) layer. When GaAsBiN is used for the base 
layer, a conduction-band offset AEc at the interface between 
the base layer and the GaAs emitter layer can be reduced while 
a valence-band offset AEv can be increased. Similar effects 

30 can also be achieved when GaAsBi is used for the base layer. 
[0037] 
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As apparent from the above description, according to 
the third embodiment, the base resistance can be reduced and 
the Knee voltage Vk can be reduced to enhance the power added 
efficiency (PAE) of the power amplifier (PA) for which the 
5 semiconductor device is used. 
[0038] 

(Fourth Embodiment) 

Fig. 4 shows a semiconductor device according to a 
fourth embodiment of the present invention. The fourth 

10 embodiment is a modification of the third embodiment. 
Specifically, the stack of the emitter layer 21 made of n-GaAs 
and the cap layer 22 made of n + -InGaAs in the third embodiment 
are replaced with the stack of a first emitter layer 23 made 
of n-GaAs which is partially etched near a base electrode 9, 

15 an etching stop layer 24 made of n-InGaP, a second emitter 
layer 25 made of n-GaAs , and a cap layer 26 made of n + -InGaAs. 
[0039] 

In the third embodiment shown in Fig. 3 , the p-n junction 
between the emitter and the base is likely to be exposed to 

20 the surface at a corner of an emitter mesa, so that the 
configuration is easily affected by surface recombination. 
To eliminate this, a portion of the emitter made of GaAs is 
left. However, etching the portion of the emitter with 
favorable controllability requires the etching stop layer. 

25 Thus, the fourth embodiment employs InGaP as the etching stop 
layer inserted into the first and second emitter layers made 
of GaAs. 
[0040l 

As described above, according to the fourth embodiment, 
30 the portion of the emitter can be etched with favorable 
controllability to easily form the configuration which 

15 



prevents exposure of the p-n junction between the emitter and 
the base at the corner of the emitter mesa, 
[0041] 

(Fifth Embodiment) 
5 Fig. 5 shows a semiconductor device according to a fifth 

embodiment of the present invention. The fifth embodiment 
differs from the conventional InP-based DHBT shown in Fig. 
8 in that GaAsBi is used for a base layer and an InP layer 
is adjacent to the base layer. In Fig. 5, components 
10 identical to those in Fig. 8 are designated with the same 
reference numerals . 
[0042] 

As shown in Fig. 5 , the semiconductor device of the fifth 
embodiment includes a subcollector layer 13, for example made 

15 of n + -InGaAs, a collector layer 27 made of n~-InP, a base layer 
28 made of p + -GaAsBi , an emitter layer 17, for example made 
of n-InP, and a cap layer 18 made of n + -InGaAs, which are 
successively stacked on a substrate 12 , for example made of 
semi-insulating InP . 

20 [0043] 

An emitter electrode 8, for example made of Ti/Pt/Au 
is formed on the cap layer 18. For forming base contact, 
portions of the emitter layer 17 and the cap layer 18 are 
removed to form a mesa structure such that a base electrode 

25 9, for example made of Ti/Pt/Au, is formed on the base layer 
28. A mesa structure is also formed for forming a collector 
electrode such that the collector electrode 10, for example 
made of Ti/Pt/Au , is formed on the subcollector layer 13 . The 
surface of the semiconductor device which is not contact with 

30 any of the electrodes is covered with an insulating film 11, 
for example made of Si 3 N 4 . 
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[0044] 

The fifth embodiment is characterized by using GaAsBi 
for the base layer of the InP-based DHBT . The fifth 
embodiment has advantages below as compared with the standard 
5 InP-based DHBT shown in Fig. 8. Firstly, since the energy 
at valence band edge is increased by the addition of Bi , the 
Schottky barrier for the base layer is lowered to easily 
reduce base contact resistance. Secondly, the difference in 
energy at the valence band edges of the emitter layer and the 

10 base layer is increased, so that the effect of confining holes 
in the base layer can be enhanced. Thirdly, as the atomic 
number of a Group V element is larger, hole mobility is greater 
and impurity doping is readily performed at a higher 
concentration, thereby facilitating a reduction in base 

15 resistance. Fourthly, as compared with InGaAs , which is most 
frequently used as a material of the base layer for the 
InP-based HBT , GaAsBi provides higher energy at the 
conduction band edge than InGaAs, and it is possible to reduce 
the amount of the conduction-band offset AEc between the base 

20 layer and the collector layer. Fifthly, since the amount of 
the conduction-band offset AEc found between the base layer 
and the emitter layer can be reduced similarly, the 
emitter-base turn-on voltage can be lowered to reduce the Knee 
voltage Vk . 

25 [0045] 

GaAsBi can be lattice-matched to InP of the collector 
layer 27 by appropriately selecting the composition. The use 
of a quaternary compound such as AlGaAsBi or InGaAsBi formed 
by adding a Group III material such as Al or In to GaAsBi or 
30 GaAsSbBi formed by adding Sb to GaAsBi makes it easy to adjust 
band alignment between the base layer and the emitter layer 
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and the base layer and the collector layer or form a graded 
structure in the base layer. 
[0046] 

As apparent from the above description, according to 
5 the fifth embodiment, as compared with the conventional 
InP-based DHBT shown in Fig. 8, it is possible to reduce the 
base resistance, improve the basic performance of the HBT, 
reduce the Knee voltage Vk, and enhance the power added 
efficiency of a power amplifier for which the semiconductor 
10 device is used. 
[0047] 

(Sixth Embodiment) 

Fig. 6 shows a semiconductor device according to a sixth 
embodiment of the present invention, in which InPBi is used 
15 for a base layer in an InP-based DHBT configuration. In other 
words, the sixth embodiment differs from the fifth embodiment 
only in the base layer 29 made of InPBi. 
[0048] 

In the above configuration, the addition of Bi to InP 
20 makes energy at the valence band edge of the base layer 29 
higher than of an emitter layer 17 made of InP to produce a 
valence-band offset AEv between the emitter layer 17 and the 
base layer 29, thereby presenting an HBT configuration. The 
emitter layer 17 and the collector layer 27 are made of Inp, 
25 and the base layer is formed by adding Bi to Inp, so that the 
structure is simple and thus the HBT is advantageous in 
manufacture. Since the Group III element is common to the 
emitter, the base, and the collector, it is conceivable that 
the amount of a conduction-band offset AEc is not large, and 
30 the HBT is also advantageous in reducing the Knee voltage Vk . 
However, InPBi is not lattice-matched to InP, so that the 



thickness of the base layer must be set to be equal to or 
smaller than the critical thickness. 
[0049] 

As apparent from the above description, according to 
the sixth embodiment, it is possible to simplify the 
configuration, reduce the Knee voltage Vk, and enhance the 
power added efficiency of a power amplifier for which the 
semiconductor is used, as compared with the conventional 
InP-based DHBT shown in Fig. 8. In addition, the effect of 
reducing the base resistance can be achieved by adding Bi . 
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